1. Introduction
===============

Liver cancer is the second leading cause of cancer deaths for men and the sixth for women worldwide. It was estimated that there were more than 782,500 new cases and 745,500 deaths occurring worldwide in 2012.^\[[@R1]\]^ Seventy percent to 85% of the liver cancer cases were hepatocellular carcinoma (HCC).^\[[@R2]\]^ It has been reported that chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, chronic alcohol consumption, aflatoxin-B1 (AFB1) contaminated food, and virtually all cirrhosis-inducing conditions are the major causes for HCC.^\[[@R3]\]^ Other factors such as age, gender, long-term oral contraceptive use in women, certain metabolic disorder, diabetes, nonalcoholic fatty liver disorders, and genetic factors also contribute to the HCC development.^\[[@R4]\]^ About 60% of the total liver cancer in the developing countries and 23% of the cases in the developed countries are caused by HBV infection.^\[[@R5]\]^ Thirty-three percent of the liver cancer patients are HCV positive in the developing regions, while the number is 20% in the developed countries.^\[[@R5]\]^ In China, about 350,000 new liver cancer patients were identified annually, which account for about half of the total cases worldwide.^\[[@R1]\]^

The oncogene mouse double minute 2 (MDM2), which plays multiple functions in promoting carcinogenesis, was identified 2 decades ago.^\[[@R6]\]^ The gene has been found to be overexpressed in many human tumors and the elevated MDM2 levels are associated with carcinogenesis, aggressive tumor growth, and poor prognosis.^\[[@R7]\]^ Tp53 is a nuclear phosphoprotein and functions as a sequence specific transcription factor.^\[[@R8]\]^ It could transcript different subsets of target genes involved in apoptosis, growth arrest, DNA repair, and cellular differentiation procedures.^\[[@R9]\]^ As a well-known tumor suppressor protein, it could be negatively regulated by MDM2.^\[[@R10]\]^ MDM2 inhibits the transcription activity of p53 and promotes its nuclear export and degradation.^\[[@R10]\]^ Nearly 50% of many human tumor types carry a p53 mutation, which can partially or completely abrogate the transcription ability of p53.^\[[@R11],[@R12]\]^ However, some mutations of p53 may gain the oncogenic properties, which are involved in the maintenance, the spreading, and the chemoresistance of the malignant tumors.^\[[@R13]\]^ MDM2 is also a transcription target for p53 and thus an autoregulatory feedback loop exists between the 2 molecules.^\[[@R14],[@R15]\]^ Disruption of this autoregulatory loop, either through p53 mutations or overexpression of MDM2, has profound effects on tumorigenesis and cell survival, and was identified in many tumor cells.

The biological functions of a single-nucleotide polymorphism (rs2279744, T \> G) in the promoter region of MDM2 were first reported by Bond et al.^\[[@R16]\]^ For this locus, a T to G change extends the length of a putative Sp1 binding site, which leads to an increased affinity for Sp1 to this region.^\[[@R16]\]^ It leads to an elevated level of MDM2 and subsequently the attenuation of p53 in the cell. And the variant has been found to be associated with an accelerated tumor formation both in hereditary and sporadic cancers.^\[[@R16]\]^ Many studies have reported a significantly increased risk for MDM2 SNP309 in various types of cancer, including breast cancer,^\[[@R17]\]^ lung cancer,^\[[@R18]\]^ colorectal cancer,^\[[@R19],[@R20]\]^ gastric cancer,^\[[@R21],[@R22]\]^ cervical cancer, etc.^\[[@R23],[@R24]\]^ However, others studies found no such association.^\[[@R25]--[@R28]\]^ For HCC, the SNP309 G allele was found to be significantly associated with an increased risk of HCC in the Turkish^\[[@R29]\]^ and Moroccan^\[[@R30]\]^ population, while no significant association was found in the Taiwanese population.^\[[@R31]\]^ For p53, a common polymorphism rs1042522 at the codon 72 of exon 4 can lead to an amino acid change (Arg to Pro) of the protein.^\[[@R32]\]^ An in vitro study has demonstrated that the minor allele Pro has a decreased ability in triggering apoptosis than Arg allele, which may influence cancer risk of the populations.^\[[@R33]\]^ The polymorphism was reported to be significantly associated with an increased risk of lung cancer, melanoma, cervical cancer, gastric cancer, etc.^\[[@R34]\]^ For HCC, there were no consistent results for the association between the HCC risk and the Arg72Pro variant. For instance, Yu et al^\[[@R35]\]^ first evaluated the association of p53 Arg72Pro polymorphism and no overall increased HCC risk for Pro allele was found. However, Yoon et al^\[[@R36]\]^ reported a significantly correlation between the Arg72Pro variant and HCC risk in patients with chronic HBV infection.

Thus, the aim of the present study was to perform a comprehensive assessment of the variants MDM2 SNP309 and p53 Arg72Pro and the HCC risk based on the published observational studies with the meta-analysis methods.

2. Materials and methods
========================

2.1. Selection of studies
-------------------------

We performed a systematic search of the literatures before May, 2017, for MEDLINE, Web of science, EMBASE, Cochrane Library, and CNKI databases with the terms "liver cancer," "hepatocellular carcinoma" together with "MDM2," "mouse double minute 2," "p53," and"tp53" to identify potentially related studies that evaluated the association of SNP309 or p53 Arg72Pro with HCC risk. The references of the reports were also checked to identify any missing reports.

2.2. Selection criteria
-----------------------

Studies included should meet the following criteria: provided the frequency of the MDM2 SNP309 or p53 Arg72Pro allele in the participants; (2) had sufficient data for estimating an odds ratio (OR) with its 95% confidence interval (95% CI) for the 2 variants with HCC risk; should be case--control, cohort, or cross-sectional studies. Reviews, comments, conference abstracts, guides, etc. were excluded.

2.3. Data extraction
--------------------

Information was carefully extracted from the eligible studies independently by 2 authors. The following basic data were extracted from those studies for further analysis: first author, published year, country of origin, study type, sample size, and the genotype distribution in cases and controls. In the subgroup study, the HBV and HCV status, the source of controls, and ethnicity were also extracted from the original reports.

2.4. Statistical analysis
-------------------------

Crude ORs and their 95% 95% CIs were used to assess the association between MDM2 SNP309 or p53 Arg72Pro and HCC risk. The inverse variance weighting method was used to get the pooled ORs with the fixed-effects model and the DerSimonian--Laird estimate was used in the random-effects model.^\[[@R37]\]^ The pooled ORs were calculated under the allele contrast model, the additive model, the dominant model, and the recessive model. The heterogeneity between the studies was evaluated with the Q-test together with the *I*^2^ statistic, which indicates the percentage of variability across the studies that is attributed to heterogeneity rather than chance. A *P* value less than .1 or *I*^2^ statistic greater than 30% was considered significant heterogeneity between the studies. If there was no significant heterogeneity among the studies, the results for the fixed-effects model were reported; otherwise, the random-effects model was used. Publication bias was evaluated using the Begg funnel plot and further assessed with the Egger liner regression test.^\[[@R38],[@R39]\]^ For the sensitivity analysis, a single study was excluded from the meta-analysis each time to detect the influence of the individual study for the pooled ORs. The Hardy--Weinberg equilibrium of the control groups in each eligible study was tested using a fisher exact test. In this study, all of the statistical tests were conducted by the Stata software (version 12.0; Stata Corp., College Station, TX) and meta-analysis package.

3. Results
==========

3.1. Characteristics of the selected studies
--------------------------------------------

A total of 27 eligible studies were included in the meta-analysis (Fig. [1](#F1){ref-type="fig"}), with 15 papers reporting the association of MDM2 SNP309 with HCC risk,^\[[@R29],[@R31],[@R36],[@R40]--[@R51]\]^ 21 papers evaluating the association of p53 Arg72Pro with HCC risk,^\[[@R35],[@R36],[@R40],[@R41],[@R43],[@R45],[@R49],[@R50],[@R52]--[@R64]\]^ and 7 papers evaluated both variants.^\[[@R36],[@R40],[@R41],[@R43],[@R45],[@R49],[@R50]\]^ For MDM2 SNP309, a total of 4038 cases and 5491 controls were included in the 15 related studies (Table [1](#T1){ref-type="table"}). Of them, 12 were hospital-based case--control studies and 3 were population-based case--control studies (Table [1](#T1){ref-type="table"}). For p53 Arg72Pro, 21 studies were identified with a total of 7285 cases and 9710 controls, and 7 were population-based case--control studies and 14 hospital-based case--control studies (Table [2](#T2){ref-type="table"}). Most of studies were conducted in the Asian populations, and no individual study was departure from the Hardy--Weinberg equilibrium for the selected variants in the control group.

![The working flow chart for the identification of the studies included in the meta-analysis.](medi-96-e7856-g001){#F1}

###### 

Main characteristics of the 15 studies in the meta-analysis for MDM2 SNP309 and HCC.
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###### 

The main characteristics of the 21 studies that evaluated the p53 Arg72Pro and HCC risk.
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3.2. Associations between variants MDM2 SNP309 and the HCC risk
---------------------------------------------------------------

The meta-analysis of the studies revealed that MDM2 SNP309 polymorphism was significantly associated with HCC. For G/T heterozygote, an increased risk of HCC was observed compared with the homozygote T/T (pooled OR = 1.53, 95% CI = 1.26--1.81, *P* \< .001; Table [3](#T3){ref-type="table"}). The G/G homozygosity carriers showed a 2.04-fold (pooled OR = 2.04, 95% CI = 1.54--2.71, *P* \< .001; Fig. [2](#F2){ref-type="fig"}) increased risk of HCC compared with the homozygosity T/T carriers. Under the dominant model, the allele G carriers showed an increased risk of HCC (pooled OR = 1.73, 95% CI = 1.37--2.18, *P* \< .001; Table [3](#T3){ref-type="table"}). Under the recessive model, the pooled OR for G/G carriers compared with the G/T and T/T genotype carriers was 1.61 (OR = 1.61, 95% CI = 1.33--1.96, *P* \< .001; Table [3](#T3){ref-type="table"}). Significant heterogeneity between the studies was found for the meta-analysis studies (Table [3](#T3){ref-type="table"}). In the stratification studies, statistically significant elevated risk was found in the hospital-based studies, the population-based studies, and the Asian populations for MDM2 SNP309 (Table [4](#T4){ref-type="table"}). No publication bias was found according to the Begg funnel plot assessment, Egger linear regression test, and trim and fill method for the meta-analysis. The sensitivity studies found no significant effect of individual studies on the pooled estimates for the association between MDM2 SNP309 and HCC risk.

###### 

The main results for the meta-analysis of the variants and HCC risk in total studies.
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![The forest plot of meta-analysis results of variances MDM2 SNP309 and HCC risk (GG vs TT, random-effects model).](medi-96-e7856-g005){#F2}

###### 

Subgroup meta-analysis stratified by the ethnicity and the source of control for the variants.
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3.3. Associations between variants p53 Arg72Pro and the HCC risk
----------------------------------------------------------------

For p53 Arg72Pro, the meta-analysis showed a significant association between p53 Arg72Pro polymorphism and HCC risk in some comparative models. For Pro/Arg heterozygote, no risk of HCC was observed compared with the homozygote Arg/Arg (pooled OR = 1.08, 95% CI = 0.98--1.19, *P* = .132; Table [3](#T3){ref-type="table"}). However, the Pro/Pro homozygosity carriers showed a 1.30-fold (pooled OR = 1.30, 95% CI = 1.06--1.64, *P* = .013; Table [3](#T3){ref-type="table"}, Fig. [3](#F3){ref-type="fig"}) increased risk of HCC compared with the homozygosity Arg/Arg carriers. Under the dominant model, the Pro carriers showed an increased risk of HCC (pooled OR = 1.13, 95% CI = 1.01--1.27, *P* = .029; Table [3](#T3){ref-type="table"}). Under the recessive model, the pooled OR for Pro/Pro compared with the Pro/Arg and Arg/Arg carriers was 1.24 (OR = 1.24, 95% CI = 1.03--1.50, *P* = .024; Table [3](#T3){ref-type="table"}). The sensitivity studies suggested that no individual study significantly affected the pooled estimates of the meta-analysis studies (data not shown). In the stratified studies, a significant association for p53 Arg72Pro and HCC risk was found in the hospital-based case--control studies but not in the population-based case--control studies (Pro/Pro vs Arg/Arg OR = 1.35, 95% CI = 1.05--1.74, *P* = .018; the recessive model OR = 1.27, 95% CI = 1.01--1.59, *P* = .043, Table [4](#T4){ref-type="table"}). No publication bias was found in all the meta-analysis as suggested by the Begg funnel plot, Egger test, and trim and fill method.

![The forest plot of meta-analysis results of variancesp53 Arg72Pro and HCC risk (Pro/Pro vs Arg/Arg, random-effects model).](medi-96-e7856-g007){#F3}

3.4. The influence of hepatitis virus status on the association between the variants and HCC risk
-------------------------------------------------------------------------------------------------

As the hepatitis virus HBV and HCV infection are high penetrance risk factors for HCC, we explored the impacts of the HBV and HCV status on the associations between the variants and HCC risk. Four studies with 2150 HBV-positive HCC patients and 2037 HBV-negative healthy controls have determined the association between the MDM2 SNP309 and HCC risk and no significant association was found (allele G vs T, pooled OR = 1.13, 95% CI = 0.94--1.37; Q = 11.21, df = 3, *P* = .011; *I*^2^ = 73.2%; Table [5](#T5){ref-type="table"}). Five studies with 2440 HBV-positive HCC patients and 1572 HBV-positive controls have evaluated the association between MDM2 SNP309 and HCC risk. The pooled OR was 1.13 (95% CI = 0.94--1.37) for allele G versus T and 1.27 (95% CI = 0.59--2.72) for GG+GT versus TT (dominant model, Table [5](#T5){ref-type="table"}). For those participants with positive HCV status (500 cases and 508 controls), a significant increased risk was found in those participants with allele G carriers (pooled OR = 1.44, 95% CI = 1.21--1.73; allele G vs T; Table [5](#T5){ref-type="table"}). The pooled OR was 1.77 (95% CI = 1.33--2.36) under the dominant model with no significant heterogeneity among the studies being noticed (Table [5](#T5){ref-type="table"}).

###### 

The main meta-analysis results of HBV or HCV-related HCC with different controls.
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Eleven studies with a total of 7642 HBV-positive HCC patients and 7797 HBV-negative health controls have determined the association between the p53 Arg72Pro and HCC risk with no significant association being noticed under any genetic model. Nine studies have compared the allele distribution for p53 Arg72Pro in the 7567 HBV-positive HCC patients and 5401 HBV-positive healthy controls with no significant association being noticed (Table [5](#T5){ref-type="table"}). In addition, no significant association was noticed between the p53 Arg72Pro and the risk for HCC in HCV-positive participants (Table [5](#T5){ref-type="table"}).

4. Discussion
=============

As an E3 ubiquitin ligase, MDM2 could bind to p53 with high affinity and promote the monoubiquitination of p53, which results in the degradation of p53 by the 26S proteasome.^\[[@R10],[@R65],[@R66]\]^ And MDM2 could bind the N-terminal transactivation domain to inhibit the transcriptional activity of p53.^\[[@R67]\]^ However, p53 could positively regulate the MDM2 at the mRNA level in the cells.^\[[@R14],[@R15]\]^ The autoregulatory loop between MDM2 and p53 was stringently regulated in the normal cells. Under conditions of oncogene activation, MDM2 overexpression or p53 mutation, which leads to a disruption of the autoregulatory loop, may cause tumorigenesis of the cell. MDM2 could also induce the tumorigenesis in the p53-independent pathways.^\[[@R68]\]^ MDM2 has also been suggested to hold p53-independent functions and it could modulate other important proteins including p21, E2F1, and pRB to promote the tumorigenesis.^\[[@R60],[@R69],[@R70]\]^

The present meta-analysis indicated that the 2 gene polymorphism loci MDM2 SNP309 and p53 Arg72Pro were significantly associated with the HCC risk. A T to G change of MDM2 SNP309 could increase the affinity of the transcriptional activator Sp1 with the promoter of MDM2, which could lead to an increased expression of MDM2 and a downregulation of the p53.^\[[@R71]\]^ It has been reported that the MDM2 SNP309 was not only associated with an increased risk with breast cancer, gastric carcinoma, and lung cancer, but it may also modify the prognostic of many cancer types.^\[[@R72]--[@R75]\]^ For the 15 independent studies regarding the association of MDM2 SNP309 and liver cancer risk, there was significant association of the variant with HCC risk in the Moroccan, Japanese, Korean, Turkish, and partial Chinese populations.^\[[@R29],[@R31],[@R36],[@R40]--[@R51]\]^ No significant association was found in the Chinese population reported by Leu et al,^\[[@R31]\]^ Jiang,^\[[@R50]\]^ Yang et al,^\[45\]^ which may be due to the relatively small sample size in the study. The present meta-analysis indicates that MDM2-SNP309 significantly correlates with liver cancer under the co-dominant, dominant, and the recessive genetic model. It was consistent with a previous study by Jin et al,^\[[@R76]\]^ which reported a significant association between the MDM2 SNP309 and the HCC risk with the pooled OR equal to 1.57 (95% CI = 1.36--1.80) for allele G compared with the allele T.

P53 Arg72Pro, which leads to an amino acid change at the codon 72 of the exon 4 for p53 protein, has been found to be associated with different properties of p53 functions. The Arg allele has more efficiency in apoptosis induction under genotoxic stress than the Pro allele.^\[[@R33]\]^ Furthermore, as an evolutionarily conserved inhibitor of p53, inhibitor of apoptosis-stimulating protein of p53 could bind to and regulate the activity of p53 Pro72 more efficiently than that of Arg allele.^\[[@R77]\]^ These may lead to the decreased activity of apoptosis for the Pro allele. On the basis of the in vitro studies, it could be expected that the Pro allele would be associated with an increased susceptibility of many cancer types. A previous meta-analysis indicates that the Pro/Pro genotype was associated with an increased risk of thyroid, gastric, head, and neck cancer.^\[[@R34]\]^ For hepatocarcinoma, the meta-analysis showed that the Pro/Pro genotype conferred a 32% increased risk of HCC (OR = 1.32, 95% CI = 1.06--1.64) compared with the Arg/Arg carriers with a total, in the stratified studies; however, a significant association for p53 Arg72Pro and HCC risk was found in the hospital-based case--control studies but not in the population-based case--control studies (Pro/Pro vs Arg/Arg OR = 1.35, 95% CI = 1.05--1.74; the recessive model OR = 1.27, 95% CI = 1.01--1.59, Table [4](#T4){ref-type="table"}).

In previous meta-analysis studies, the effects of the sources of the controls have drawn less attention. As the HBV and HCV are major risk factors for HCC, we explored the associations between the variants and HCC risk in participants with different HBV or HCV infection status. In the present study, the controls were divided into 2 groups, those with positive hepatitis virus status and those with health controls without the hepatitis infection. The subgroup analysis found that the MDM2 SNP309 was significantly associated with the HCC risk in subjects with HCV hepatitis (Table [5](#T5){ref-type="table"}). No significant association was found when compared with the hepatitis virus negative subjects, suggested that there may be an interaction between the MDM2 genotype and HCV hepatitis status for HCC risk (data not shown). However, the null association between the MDM2 SNP309 and HCC risk in the hepatitis virus negative subjects may also be due to the relatively small sample size. For p53 Arg72Pro, no statistical association of p53 Arg72Pro with the HBV or HCV hepatitis virus positive subjects was noticed and a null was associated when compared with those participants without HBV or HCV infection. As HBV and/or HCV hepatitis virus confer a high risk of HCC, the effects of the Pro allele of p53 Arg72Pro may have been concealed by the hepatitis infection.^\[[@R60]\]^ Second, the functions of p53 may have been lost in the HBV or HCV infection cells, thus the different risk of HCC for the polymorphism is eliminated due to the hepatitis infection.^\[[@R60],[@R78],[@R79]\]^ Third, the population of the studies may be relatively small and do not have sufficient statistical power to detect the association of p53 Arg72Pro with HCC risk in the hepatitis-positive subjects. More studies are warranted to determine the association between the p53 Arg72Pro and the HCC risk in those participants with different hepatitis status.

There are several potential limitations for the current meta-analysis. First, the small size of the participants of the studies that included in the present meta-analysis study may lead to the null association of the selected variants with HCC risk in the stratification study. Second, most of the data were derived from the hospital or population-based case--control studies. Subjects were recruited on the basis of their outcome (with HCC or without HCC) rather than their exposure. The potential HCC risks for the controls are immeasurable, especially for the HBV and/or HCV-positive controls. Third, as MDM2 and p53 are functional correlated, the gene--gene interactions may contribute to the susceptibility of the HCC; however, only 4 studies have determined the gene--gene interactions and all of them have found a significant interaction effect between the 2 variants (data not shown). More studies are warranted to fully address the questions.

In summary, the present meta-analysis provided a comprehensive understanding of relation between MDM2 SNP309 and p53 Arg72Pro with HCC risk. These results suggested that variants, MDM2 SNP309 and p53 Arg72Pro, are susceptibility factors for HCC. The MDM2 SNP309 and the p53 Arg72Pro may serve as markers for identification of subjects with a high risk of HCC. However, further studies with a larger sample size are warranted to confirm these findings.

Abbreviations: 95% CI = 95% confidence interval, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, MDM2 = murine double minute 2, OR = odds ratio, SNP = single nucleotide polymorphism.
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